C IRCUMSTANTIAL but impressively cumulative evidence has appeared linking endotoxins released from bacteria in the bowel to the appearance of irreversibility in hemorrhagic shock (r-g). Animals in sublethal shock are extremely sensitive to endotoxins; a substance with endotoxin-like properties appears to be present in the plasma of animals in irreversible shock; and animals made resistant to endotoxin are also resistant to the effects of prolonged hypotension (2) .
Furthermore, a period of pretreatment with antibiotics has been reported to postpone the appearance of irreversibility during hypotension.
Germfree animals provide opportunity for critical tests of the role of bacterial endotoxins in the induction of irreversible shock and of the nature of the protective effect of antibiotics.
In the experiments reported here, approximately equal groups of germfree and ordinary laboratory rats, both with and without pretreatment with aureomycin, were subjected to severe hemorrhagic hypotension. Fatal hemorrhagic shock was easily induced in all groups, without apparent differences in susceptibility. i.e. free from bacteria and fungi by our tests. The ordinary animals were fed a commercial rat chow and kept singly in cages in the open laboratory until the last 3 days before shock, during which they were kept in a tank in all respects like the germfree tanks except for lack of sterilization of the environment and food. The temperature in the tanks, which was not regularly recorded, ranged from 30' to 32OC.
In each experiment, four animals were bled simultaneously, one pair each in germfree and nonsterile tanks. Forty-eight, twenty-four and five hours prior to bleeding and immediately after reinfusion, one member of each pair received by stomach tube I 5 mg/r oo gm body weight of aureomycin hydrochloride freshly suspended in water, 50 mg/ml. This was the dose and route reported to increase resistance to hemorrhagic shock in rats (7) . The animals were caged in a manner to prevent any cross-transfer of feces, etc. No dummy gavage was given to the untreated animals. The germfree tanks and animals were routinely checked for sterility using standard media, and cultures were taken from blood, feces and cecal contents of each germfree rat at autopsy. Fecal samples were collected from the ordinary animals at the time of gavage and the numbers and kinds of bacteria present were semiquantitatively estimated by dilutions on standard differential media.
Shock was induced by bleeding anesthetized (sodium pentobarbital, i.p., 40 mg/kg body weight) rats through a carotid cannula into a reservoir system constructed to JR. AND RAFAEL LINARES Bacterial endotoxin administered intravenously in minute amounts converts early and presumably reversible hemorrhagic shock into irreversible shock in rats and rabbits (I, 2). Similarly, a plasma fraction from the blood of dogs adjudged to be in irreversible shock has been found to convert reversible shock due to relatively brief hypotension in a recipient dog or rabbit into irreversible shock (3). Chemical identification of this circulating factor has not yet been made, but the fraction has been found to substitute for the challenge dose in the generalized Schwartzman reaction (5). Further, Fine and his associates ( I I) found that a chemical isolation procedure of plasma calculated to yield the lipopolysaccharide fraction and endotoxin, if present, yielded a preparation which was toxic when it was applied to the plasma of irreversibly shocked dogs, but nontoxic when applied to the plasma of normal dogs. Further, the toxicity of the plasma from the irreversibly shocked dogs was limited to this fraction.
Repeated injections of small doses of endotoxin, a procedure which induces resistance to a normally lethal dose of endotoxin, also induces resistance to shock from hemorrhage (2, I I). Furthermore, repeated injections of plasma from rabbits in shock are as effective as endotoxin for inducing resistance to hemorrhagic shock (4). Conversely, rats which have been exposed to repeated sublethal exposures to drum shock, thereby developing a tolerance to ordinarily lethal amounts of drumming, show resistance to normally fatal doses of endotoxin as well (2) .
If bacteria or bacterial products in the bowel are in- volved in the development of irreversibility, any procedure which might suppress bacteria could be expected to increase resistance to the development of irreversibility during hemorrhage. Broad-spectrum antibiotics, when given over a period of days prior to a challenging hemorrhage, are protective, provided the antibiotics are effective against bacteria normally found in the bowel (6, 8) . These agents are of such diverse chemical nature that the likely common action is one against bacteria.
However, rats raised in a totally bacteria-free environment have not shown any significant difference in behavior in hemorrhagic shock from ordinary rats (I 2 In the reported work demon strating a protective effect of antibiotics, the drugs have been effective only when given. over a period of several days prior to shock (6, 8) . It has been proposed that the action of antibiotics may be to release small amounts of endotoxin from killed bacteria, producing a resistant state in the same manner -as by injection of small doses of exogenous endotoxin for some days prior to bleeding (I I). In this view, aureo-
